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In the insurance corporation, reasonable rate-making is the most important part of 
the life insurance product development. The profit and the market competition position 
of an insurance corporation depend on the appropriate price. The hypothesis correspon- 
ding to actual is the key to a reasonable rate-making. Interest and mortality are the most 
important impact factor in pricing，but traditional model withr the constant interest and 
the constant mortality can not describe the real risk. The fuzzy&stochastic mortality 
model is raised to describe the uncertainty of mortality comprehensively, considering 
both the randomness and fuzziness. This model is verified better than other mortality 
models in this paper in accuracy and applicability. The whole life annuity is chosen as 
an example to quantify the risk of mortality under stochastic interest for its high-value 
in application. 
Matlab is used for the numerical simulation of the net single premium of the whole 
life annuity. The result shows that the price of annuities with the stochastic interest and 
the fuzzy& stochastic mortality should be raised about 5% to balance the risk of the 
uncertainty. Some increase magnitude of price is above to 10% which over the 
empirical additional risk rate 5%. The empirical additional risk rate can not even cover 
the risk of interest and the mortality let alone the unpredictable risk which will cause a 
great loss of insurance corporations and the insured. The result of the numerical 
simulation is that the additional risk rate should be at least 10%. 
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用以下微分形式来给出定义： ( ) ( , ) ( , ) ( )dr t r t dt r t dW tμ σ= + 。在1973年Merton第















时波动率 ( , )r tσ 均为常值，利率随机过程为一个带漂移的简单维纳过程；随后
Vasicek将Merton模型进行改进，将 ( , )r tμ 改进为利率 r 的函数，且仍然假设波动
率 ( , )r tσ 为常数；Dothan则不考虑利率随时间的成长特性，取消了漂移项，而将
( , )r tσ 改为利率 r 的函数；Cox、Ingersoll和Ross在前人基础上假设 ( , )r tμ 与 ( , )r tσ
均为利率 r 的函数；Chan、Karoli、Longstaff和Saunders则在前一个模型的基础上







































































   随机利率模型大多数可以用以下的随机微分方程形式来进行定义： 
                       ( ) ( , ) ( , ) ( )dr t r t dt r t dW tμ σ= +  
   其中， ( )W t 为标准维纳过程，具有如下性质： 
（1） 有限维分布为正态分布，过程具有马尔可夫特性； 















    Merton 于 1973 年首次提出连续时间随机利率模型，将利率看作随机过程，将
利率的瞬时变化定义如下： 
( ) ( )dr t dt dW t= +μ σ  
其中，μ 为常值利息力，σ 为参数，刻画的是瞬时利率的随机波动幅度的大
小，即假设 ( , )r tμ 与 ( , )r tσ 均为常值的情况。 
随后，有许多学者在 ( , )r tμ 与 ( , )r tσ 的函数形式上做出改进，建立了更为复
杂的随机利率模型，如表 2-1 所示： 
 
表 2-1  随机利率模型 
模型名称 模型表达式 
Vasicek 模型 ( ) ( ( )) ( )dr t r t dt dW t= + +α β σ  
Dothan 模型 ( ) ( ) ( )dr t r t dW t= σ  
CIR VR 模型 3/2( ) ( ) ( )dr t r t dW t= σ  
CIR SR 模型 1/2( ) ( ( )) ( ) ( )dr t r t dt r t dW t= + +α β σ  
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